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Thia invention re late a to proatheaee Adapted to be 
placed la the human body, md to i proceaa for manufacturing 
tha amae. Mor* particularly, tha invention ii directed to 
proitheaet formed of porous, non- absorbable fabric coated with 
5 collagen* 

For purpoaea of clarity, the terms used herein are 
defined M follovt: 

"Tendon collagen fibril" mean* a thread -like collagen 
structure derived frtm beef tendon that i» round in croaa 
10 section. These fibrils In the completely dehydrated atate 

*^^^aure^bo^« 500 to 2000 Angatroma in diameter. 

"Swollen tendon collagen fibril" meant a collagen 
fibril derived from beef tendon that baa been awollan in acid 
solution. The diameters of swollen collagen f ibrila^range from 
15 lets than 5000 Angstrom* to abort 90,000 Angstroms* 

"MonofllAnvnt" means a single chraad of oriented 
collagen fibrila as extruded through a single orifice in a 
apinnerette. 
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"Multifilament" mans a group of individual separate 
collagen monofilament* extruded through a apinnerette. Furthet 
-det a il! p*™h^ ™iTnrt nnfilinatl an G cf ial M oi 21 6 j2 4 7 . 
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**S trend" means a group of collagen aonof ilaments that 

S 

have been united to form a unitary structure- 

"lape" eeaos a group of Individual collagen mono- 
filaments that have been united to form a unitary structure 
that la ribbon-like la shape. 

"Hon- absorbable fibers" means those fibers, synthetic 
or natural, which are not absorbed in an animal body, particularly 
a human body, xrtien present therein over an extended period of 
tlx*. A "non- absorbable fabric" is a fabric formed of non- 
absorbable fibers. 

"Association* of collagen and non-ab sorb able fibers" 
Deans a combination of collagen fi laments or^^ran ds^to d one 
or sore non-abaorbable fibers, fortaedJby veaving, knitting, 
braidingjc^ r oo h » tl tt g r ecft» the filaments or strands and fibers 
together into articles including tubes, which can be straight 
or T-shaped* 

In the surgical repair of hernias, tantalum gauze 
and inert fabrics ban found considerable use, particularly in 
older patients who are recognized to have a reduced ability to 
rebuild tiavua at the point of surgery. Tantalum gauze, hovevar, 
has the undesirable property of ^ j ork h a r de ning and can curl up 
within the body, ceasing discomfort. Inert fabric prostheses 
have the disadvantage that they do not becoae a part of the 
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body tissue* During surgery, some surgeons have tried to 
overcome this disadvantage bj knotting catgut sutures randomly 
throughout the fabric prosthesis. However p this does not result 
in a uniformly integrated fabric prosthesis. Many inert fabric 
Inserts frequently remain surrounded by a pool of sera after 
the healing proceas- A suitable prosthesis for strengthening 
the repair should be non-toxic , flexible and porous* The ideal 
proatheala should retain its strength permanently in Intimate 
contact with body fluids and should be readily accepted and 
incorporated into the tisanes. Porosity la an important char- 
acteristic of such a prosthesis to avoid the formation of 
fluid pockets and to promote the growth through the fabric 
of repair tissue. 

A primary object of the invention, therefore, is to 
provide a porous, noo- absorbable fabric compatible with an 
animal body, and coated with collagen,. A further object is 
to provide a porous, nau-aibsorbable fabric which is coated 
vith collagen and the pores of vhich are free of collagen. 
Another object is the provision of prostheses comprised of 
the fabric so coated vith collagen and promoting the growth 
of body tissue into and through the prostheses during the 
healing procssi. 

Still another object Is the provision of a process 
far manufacturing thx proatbeaea of this invention* And 
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another object is the provision of a process for pretrcatlng 
the fabric In the nAtiofacturi of tht prostheses. 

Additional objects will be apparent from the 

following discussion. 

(in Accordance vllh this invention) by providing 
The foregoing objects are rcalixed/iiaJc an improved * 

prostheses comprised of a porous, non-absorbable fabric^coated 

with collogen, the pores of the fabric being free of collagen. 

It ia ad essential feature of the new prostheses that the 

pores thereof are open and not rendered blood tight by 

collagen fibrils. fanM yxr<gffilyJ^3^M^l^^lP^W» 

The proatheaea of thia invention are formediby 
knitting, weaving, braiding^ crocheting r o tc . non-absorbable 
fibera into the shape or form desired. The fibers are not 
absorbed by an animal body, as the human body, vhen present 
therein over extended tine intervals, fiuch as a decade. ^ 
Examples of suitable Materials are VINYOMS^ a resin manu- 
factured by the Carbide and Carb ^^ 01 T ) ^^ 0 ^ b ^w2^ 7 ^5^<'0 
ixing vinyl chloride and acrylonitrileT SARAl^ a vinyl 
chlorida polymer manufactured by the Dow Chanical Company; 
nylon, a polyanide reain made by P ol ^ r ^£*£^^ 
hexaaecbyltoe diaaine a*lt of adipic acid; (falOttf a aynthatlc 
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fiber cade fro* poUacryloaltrlle, BACK)* (Begl.t.r*! Trade 
M»rt), a aynthetle fiber ud. fro. tertphtbali* «U utf 
ethylene glycol; TKPW- (Regl.ter.d Trade Hart), » trt ^ 
fluoroethylen, polyerj pclyolefln. .uch „ pol y «*l«. 
and Polypropylene cotton and , m . *y lw)f OKLOM (Alfred 
Trade Bark), DACROl <*e t l*tered Trade Mart) and TKFWM 
CJtegl»t.r*d Trade Hark) .r. productt of the B. I. * M 
d. Neaoure I Co. Preferred herein art DACKn, TEPUW am 



It la to be understood that tbe noB-abaort«bl« 
fiber* «.ed herein can be for .^.pl.. kitted, wore*. 
or crocheted into forwi .ultable for poroo* laplant., ^ 
»anjr manner known In the art. .inc. , ne h doe. not for. « 
part of thla "invention. 

Collagen tuod herein to coat the non-abaorhable 
fabric corre.ponde to the type of cotmectle. tlaen. noraall, 
laid down by the bod, during the healing proe.aa. 
collagen coating aerrea a» a atlaulu, f PP ^ rcponae 
during the poat-operatlve period. The porotia enametex 
of tbe fabric allow* for rapid la-growth of flbreblaat, 
and endothelial celln. All auch feature. conbiae In eon. 
cert to nake poaalble rapid and eetlafactorr attachment 
of tbe proatheala to the boat tlaane*. 

Collagen can be prepared mm described la Dmted 
Statea Patent Jio. 2.920.000 of H. H. Bochatadt and B. a. 
Lleberman. Sine* It la difficult to prepare a eolUgaa 
d laperalon containing acre than 2 par cent collagen beci 
of eitrcnelj Mgfi 
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viscosities of nwre concentrated dispersions, the collagen 
dispersions used in this Invention generally contain from 
0.1 to 2 per cent by weight of collegers The vehicle or 
liquid containing collagen can be one of a vide variety of 
material!, including: alcohols such as methanol; aqueous 
solution! of perf luoroaclde, aa shown in U« S. Patent No*. 
2,919,998 and 2,919,999; and aqueous cyanoacetic acid. 
Particularly preferred herein are collagen dispersions in a 
mixture of methanol and aqueous cyanoacetic acid. 

The non-absorbable fabric, ai in film or mesh form, 
can be coated with collagen by a number of techniques. The 
fabric can be Imereed In a collagen di open ion for a edit* 
able period of tJboe, and the fabric can then be removed aod 
allowed to drain and dry. Collagen is neutralized after the 
coated fabric ia dry. Alternatively, a dispersion of collagen 
can be sprayed onto the fabric, followed by draining of the 
sprayed fabric. 

When the fabric ia iameraed in a collagen dispersion, 
the fabric la coated with collagen and Is thereafter treated to 
remove collagen present in the pores thereof. Thia la accoopllshed 
advent agiou sly by directing a etream of inert gaa against the 
coated fabric, particularly througb the coated fabric. The 
stream is so adjusted that collagen held in the pores of the 
coated fabric ia removed, while collagen coating the fabric 
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structure is retained. There is little danger that the collagen 
coat will be removed from the fabric, since a relatively strong 
bonding of collagen and the fabric obtains. Representative of 
inert gases useful herein are air, nitrogen, and carbon dioxide* 
Since air is inexpensive and advantageous, it 1* preferred. 

Still other techniques can be used herein. A fabric 
created with collagen can be dried and then perforated to remove 
collagen from the pores thereof. 

Temperatures of the impregnation step, draining (If 
such is used), neutralization and removal of collagen fro™ the 
porea, are generally below abwt 30*C, in each operation to 
avoid extensive degradation of collagen. Preferred for each 
operation are temperatures below about- 25*C. 

It is to be understood that any of the known tanning 

agents for use with collagen can be used herein. Chromium, 
err 

formaldehyde/ polyhydroxy phenols ^otc can be used alone or 
in combination. Particularly preferred, however, are the 
tanning procedures described ^™inr«u4 .ppH^***^, <? flr j,i^ 
m— w. fls^flQ »-wi f Iff g j t rr rrh H lrd J nnunr y 37, 19 C 1, 

In conjunction with the process for coating a non- 
absorbable fabric with collagen, it has been discovered that a 
firmer bonding of collagen and the fabric results when tha 
fabric is pretreated. The pretreatwnt involves successive 
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contact with * solvent (A) for hydrophilic material* and a 
solvent (B) for hydrophobic water lull. Solvent! (A) and (B) 
are those which do not dissolve or Attack the fiber. Solvent* 
falling within category (A) include water and dilute aqueous 
solution! containing a detergent, among which lire sulfate! 
such a* sodium lauryl sulfate , sulfonates such as sodium 
dodecyl benzene sulfonate, phosphates such as sodium tri- 
poiyphogphate, polyoxyalkylcne derivatives of a hydx vxy com- 
pound such as a condensate of 1 mol of nonyl phenol with 9 



mols of ethylene oxide^ guar ternary ammonium confounds such 
as cetyltrinethylaniaanium chloride, ate - Representative of 
solvents (B) are: alcohols, typified by methyl, ethyl, n-propyl, 
isopropyl, n-butyl, secondary- and tertiary-butyl r-stt, ; 
ketones, typified by acetone, methyl ethyl, methyl n-prcpyl, 



intervals ranging from about 60 minutes to abooe 1 minute 
with each solvent, (A) and (B); preferred conditions are thm 



exemplified In the following examplea. It li to bt radexatood, 




temperatures from about AO*C. to about 100*C. P for tiiae 




The present invention la more fully described and 
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however, that my invention li not CO bi limited to any •peclflc 
form or material* or coo* tract loo act forth In the eunplei* 
but 1* limited eolely by the degcription In thij Specification 
and the appended claime. Throogbout the Specification tod the 
examplee which follow, all quantities are expressed in parte 
by weight unleaa otherwlae Indicated. 

EXAMPLE 

4.33 gr<ma of MOU»^m*£ (40 denier multifilament 
DACROR 12.5 inch square) wme lanened In a gel prepared bj 
diluting a collagen dispersion coaprlal^g 0.8 parte of collagen, 
0.4 parti cyanoacetic acid, 49.4 parte water and 49.4 parta of 
methyl alcohol with an espial voltm of aw thy 1 alcohol at 
room temperature (20*CJ. Tbe ateah was removed from the 
dispersion and allowed to drain vertically for about five 
minutes at room temperature. Compressed air was blown 
through the me lb to remove any collagenous filat remaining 
acroaa the inters tice*. If tbe orifice preesora la about 
20 lbs. and the orifice la 4 sas. In diameter, a distance of 
approximately 3" between the orifice and the a* ah li 
advantageoua. Using the a nan orifice at 33 lbs. pre a sure, 
approximately 12* la advantageooa between the orifice and the 
meah. Shorter distances or higher pre a tore a were found to 
blow too fruch collagen froa tbe nesh vhila longer distances 
and lower pressures did not cnpletely remove th* collages 
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dlaperalon from the interstice*. Iha meah vaa alloyed to dry 
for aeveral hour* at nam temperature. The colleen on the 
neah fabric uae then neutralized vith 100 parta of 10X aqueoua 
amonia and vai tanned with 100 parta fornaldehyda (11 aqoecoj . 
•olucion). Me ah, ao obtained. coot^l^approxiMtelrlOX by i 
weight of collagen on the surface of che DACRONjfibera. 
Vheu implanted in the aobeataneoua tltaua of rata, tht 
coated awab elicited a greater anoont of tiaaut reaponae 
and fihroplaaia than the oneoated meeh and vaa mora readily 
incorporated by the boat eLaene. 

nnnz zi 

A piece of TtMXMjmmth (tba aaoa aire and weight aa 
in Exaaple 1) vaa waited •occeaalvely vitb 100 parta of hot 
water (60 # C), with 100 parta of iaopropyl alcohol (25*C.) 
and 100 parta of acetone <25'C). ^Jg*" then ^^J^J^^^^Q 
air. the dried aeah was placed in a etainlcae-eteal, TEFLOS^ 
coated tray aeaeurlng 15" x 9" x 1/2" containing a 1/8" layer 
of collagen dlsperaion containing 0.8 parta of collagen fibrlla 
and 49.4 parta of methyl alcohol, and 49.4 parta of water and 
0.4 parta of cyanoacetlc acid, and another 1/8" layer of the 
aaoa dlaperalon vaa placed on top of the fabric. The collagen 
dlaparaiona and neab vara In contact for 24 houra at 23 *C. 
Ih* rerulting laminate then vaa nentralixad vith 100 part* 
of 10 per cent aqueous aaaaonla. It vaa tanned vith 100 parte 
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•if formaldehyde (1 per cent) and removed from the tray. Edge* 
of the mesh were trimmed to move excess collagen. The 
laminate was strong, uniform and very reaiatant to separation. 
These characteristics continued when the film va» wet with 
water. Only very severe stretching c/r defornuit|op freed an \ 
edge of the collagen from Che DACROl^mesh and, once freed, it 
resisted further de 1 amine t ion 

It it found that txamjtnd collagen are more firmly 
bound by virtue of the pretreatmt^f DAOIW than vj>en the ; 
pretreatment is omitted. In f«ct, pretreeted JMCXOR^aud 
collagen are more firmly bcuxxi than when brought together 
by any other technique* 

While the invention baa been deacrlbed in detail 
according to the articles and manufacture thereof, it ii to 
be understood that changes and edifications can ba made 
(without departing from the epirit or scope of the invention) 
and it is intended In the appended claim* to cover euch changea 
and modification*. 



278089 % 

The Claine defining tha invention ara a 3 followa 1 ^ 

1, A surgical proatheele comprieing a porouoN/ 

non-abaorbable fabric, tulle or tuba coated with collagen, 

the pores of the fabric being free of collagen. 

( U-l 2-1962) 



2. The article of Claln 1 wherein the fabric ia 

I * PACTION aa li tr e An d o fin e A , (U-12J962) 



3« The proceaa tar manufacturing the surgical 

proatheaee of Claims 1 or 2 %*rtch eoopriaea the atepa of 
in predating a porone, non-abaorbable fabric with a d le- 
per aion of awollen collagen fibrila and removing collagen 
from the pore a of aaid fabric while retaining collegah 
impregnated upon aaid fabric. (14 -12-1962) 

^ # Tha proceaa of Claln 3 wherein tha r ©moral of 

the collagen from tha porea la effected by blowing tha 

impregnated fabric with a *tr*m of Inert gaa at a rata 

eufficieat to remove collagen Jfrcn the porea thereof and 

insufficient to resort collate frca the fabric. 

(U-12-1962) 

5 # The proceaa of Clain 4 wherein tha Inert gaa 

Is jir. (U-12-1962) 

6. Tha proceaa of Claln 3 wberain the fabric la 

pretreatad encceerairely with a aolrent (A) for bydrophilic 
materlala and a aolrent (D) far hydrophobic material** 

(U-12-1962) 

7 # The proceaa of Claln 6 wharain treatznente 

with aolrent (1) and with eolrimt (B) acre oado at tanp- 
eriturta batw«en 40°fc.Miid aWwt lOO'tfor tin* 

ihtwnrjl* ringing mar sUmr ttTmtiuwr ^min*! 

(14.12-1962) 

1 ^ — 1 
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8. The process defined In Clalu 6 wherein solvent 

(A) is water, {ihth December, 1962) 

9. The process defined In Claim 6 wherein solvent 

(B) is iaoprcpyl alcohol. (lUh December. 1962) 

10* A surgical prosthesis subttantlally ss described 
herein in any one of the Examples. (14th Dece^er* 1962) 

11. A process of making a surgical proathesls sut>~ 
stantially as described herein in any one of the Ensplea. 

(lKth December, 1962) 

Dated this 19th day of December, 1963. 
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